Two-hundred subjects were divided into four equal groups, 1) concomitant hepatic steatosis/HCV, 2) HCV (without steatosis), 3) steatosis (without HCV), and 4) normal controls. NKT and CD8+ T cells were identified by monoclonal antibodies surface staining for (CD3, CD56, CD161), and (CD3, CD8) respectively using flow cytometry. Results: CD3 + /CD56 + /CD161 + NKT cells were significantly higher in patients with either steatosis (alone) or concomitant HCV/steatosis compared to control (p<0.0001 each), while comparable NKT frequency was found between HCV group and control (p=0.72). A significant increase in CD3 + /CD8 + T cells was noted in the three patients' groups compared to control (p=0.0001, 0.002 and 0.001, respectively). Interestingly, NKT cells were significantly higher in patients with steatosis/HCV compared to those with HCV alone (p<0.0001), while, they did not differ between concomitant HCV/steatosis and steatosis (alone) group. Higher frequencies of both NKT cells and CD8 + T cells were significantly associated with increased severity of steatosis. In HCV group, NKT frequencies were unrelated to steatosis severity. Conclusion: NKT cells are significantly elevated in patients with hepatic steatosis irrespective to the presence or absence of concomitant HCV infection.
Introduction
Non-alcoholic fatty liver disease (NAFLD) is a worldwide health problem with a prevalence as high as 17%-33% in western countries (1) . NAFLD has been used as a general name for conditions ranging from simple benign steatosis through non-alcoholic steatohepatitis (NASH) to cirrhosis or even hepatocellular carcinoma (2, 3) . Hepatosteatosis is defined as fat deposition in the liver that exceeds 5% of the total weight of the liver, or the presence of microscopic fat deposits in more than 5% of the hepatocytes (4) . Hepatic steatosis was reported frequently in HCV infection with multifactorial etiology. It may be the result of a direct virologic effect particularly in patients infected with HCV genotype 3. Also, it may be associated with known steatosis risk factors such as obesity, diabetes mellitus and hypertriglyceridemia (4, 5) . The presence of steatosis in liver biopsy specimens from patients with chronic HCV infection has been reported in ~ 50% of the cases (6) . Moreover, a role for steatosis in the progression of chronic HCV infection had been reported (7) . Hepatic steatosis was an independent risk factor for hepatocarcinoma in patients with chronic HCV infection (8) . However, the pathogenesis of steatosis in patients with HCV is not well understood. Natural killer T (NKT) cells are a highly conserved subset of lymphocytes that share properties of both T cells (CD3 + expression) and natural killer (NK) cells (CD56 + and CD161 + expression) (9) . Many functions for this unique cell have been proposed, ranging from antitumor activity to autoimmune diseases (10) however, the exact role of NKT cells in immunity has yet to be fully elucidated. NKT cells have been reported in association with various lipid disorders; they may enhance disease activity through cytokine production after the recognition of lipid antigens presented with CD1d in the livers of NAFLD (11) . NKT cells comprise 30%-50% of all hepatic lymphocytes. These cells can be directly cytotoxic via FasL-dependent and perforin-mediated mechanisms but can also produce an array of cytokines that direct cytokine secretion by other cells within their microenvironment. These functions may be responsible for cell death seen in NAFLD (12) . Murine models of obesity and fatty liver disease have linked NAFLD with the depletion of NKT cells (13) . Later human studies have reported a depletion of peripheral blood NKT cells in patients with clinically diagnosed NALFD (14) , while, intrahepatic NKT cells were either depleted (15) , or increased (11, 16) . The loss of CD4-expressing NKT cells is particularly intriguing as this cell subset is believed to pri-marily secrete Th2-type cytokines, including IL-4 and IL-13. This loss of Th2 cytokines might tip the inflammatory milieu of the liver into a pro-inflammatory Th1 state, leading to excessive production of TNF-α and IFN-γ. The increase in pro-inflammatory cytokines likely plays a role in hepatic oxidative stress and recruitment of additional inflammatory cells into the liver, resulting in NASH (17) . CD8+ T cells are important in viral eradication by direct killing of infected cells and secretion of antiviral cytokines [IFN-γ or tumor necrosis factor (ΤΝF)-α] (18) . Despite the detection of HCVspecific CD8+ T cells in the peripheral blood and the intrahepatic lymphocytic infiltrate in patients with chronic hepatitis C, the virus can persist. This persistence is unexplained and suggests that cell killing is not adequate to eliminate the virus. Studies in humans have revealed that even strong CD8+ T cell responses in the acute infection may not be adequate to prevent progression to chronicity (19) (20) (21) . Some studies have suggested functional defects in HCV-specific CD8+ T cells during chronic infection, as indicated by impaired IFN-γ production, cytotoxic effector functions, and in vitro proliferation (22, 23) . Earlier studies have demonstrated that lipotoxic hepatocyte injury plays the key role in recruiting intrahepatic and extrahepatic antigen presentation cells, neutrophils, and lymphocytes to the steatotic liver. The subset of immune cells that are primarily responsible for NASH progression is still largely unknown. Recently, the role and abundance of CD8+T-cells were highlighted when depletion of CD8+T-cells was shown to result in decreased fibrosis in a high-fructose diet murine NASH model (24) . The role of both NKT and CD8+ T cells in hepatic steatosis in association with HCV infection and how would the concomitant presence of HCV affect NAFLD the has not yet been clarified. Understanding the potential role of these cells would presents novel therapeutic strategies for the treatment of both NAFLD and NASH. Thus, the current study aimed to assess the characterization of the peripheral CD3 + CD56 + CD161 + NKT and CD8 + cells in a cohort of Egyptian patients with HCV-associated hepatic steatosis and to analyze the relationship of these cell to the disease severity.
Subjects and Methods
This cross-sectional study was conducted on 200 subjects divided into 4 groups (50 subject each). Group 1: patients with HCVassociated hepatic steatosis, Group 2: patients with HCV (without hepatic steatosis), Group 3: patients with hepatic steatosis (without HCV infection), and Group 4: Apparently healthy blood donors as a normal control group (anti-HCV negative, and steatosis-free by abdominal US). Patients ≥ 18 years old were included in the study if they have i) histologically-proven liver steatosis based on liver biopsy (for groups 1, and 2). ii) persistent elevation in liver transaminases (ALT and AST) for ≥ 6 months. iii) positive serologic and virologic lab tests for HCV infection (i.e. positive anti-HCV by ELISA and positive HCV RNA by RT-PCR) (for groups 1 and 2). Patients with concomitant positive serology for HBV and/or HIV infections, alcoholic fatty liver disease (AFLD), excessive alcohol intake (>30 g/ day), prior HCV antiviral therapy, history of autoimmune diseases, or current immunosuppressive therapy were excluded from the study. The Study was approved by the IRB of the Suez Canal University and all the patients were consented prior to inclusion in the study. All the study populations were subjected to a structured interview using a pre-designed questionnaire that included history of HBV and or HIV infections, drug history of antiviral, immunomodulatory or hepatotoxic drugs, history of any chronic illness or autoimmune diseases. Patients were evaluated clinically by a GIT specialist.
Laboratory Investigations:
Routine blood tests: Morning blood samples (5 ml) were obtained from patients and controls after at least 12 hours fasting to perform the following: 1) liver function tests ALT, AST, and Alkaline phosphatase and serum lipid profile (Cholesterol, TG, LDL, HDL) using automated chemistry analyzer (COBAS e411 Roche diagnostics, Germany). 2) Complete blood count (CBC): using automated cell counter (Sysmex XT 5 parts differential cell counter, Germany). The results of HCV antibody serology and HCV-RNA were obtained from patients' records.
Assessment of NKT cells phenotyping by flow cytometry:
NKT cells were identified by monoclonal antibodies surface staining for (CD3, CD56, CD161), followed by flow cytometric analysis using FACS calibur flow cytometry (Becton Dickinson Immunocytometry Systems, USA). Data were analyzed using the Cell Quest software. Procedure: Two mL venous blood were obtained in an EDTA-tube. Three FACS tubes were prepared for each sample as follows: Tube #1= unstained, Tube #2= for CD3 (percp) and CD8 (PE), Tube #3: for CD3 (percp), CD56 (PE), and CD161(FITC). A hundred µl of blood samples were added to the FACS tubes. CD3 (5 µl), and CD8 (5 µl) were added to the blood in tube #2. While, CD3 (5 µl), CD56 (5 µl) and CD161 (5 µl) were added to the blood in tube #3. The tubes were vortexed and incubated for 20 min at 4°C. Lysing solution (2 ml) was added to each tube and vortexed. The tubes were incubated at room temperature in a dark place for 10 min. Tubes were spinned at 1500 rpm for 5min and the supernatants were discarded. The washing step was done by adding 2ml of PBS and centrifugation at 1500 rpm for 5 min. Data Analysis:
Lymphocytes were gated according to their light scatters' properties on the lower part of both forward and side scatters. T cells were identified as the CD3+ cells by using dot plot quadrants. NKT cells were identified as CD3 + /CD56 + cells and CD3 + / CD56 + /CD161 + cells Percentages of the cells were identified by using Cell Quest software statistics.
Radiological assessment: Hepatic ultrasonography was used to: 1-diagnose hepatic steatosis in group 3 (steatosis group) and 2-exclude steatosis in group 4 (normal control).
Histopathological assessment: Liver biopsies were performed by a pathologist for patients in group 1 (steatosis/ HCV) and group 2 (HCV) to assess the degree of hepatic steatosis using the following staging system: Mild (steatosis involving up to 33% of hepatocytes), Moderate (steatosis involving 33%-66% of hepatocytes) and Severe (steatosis involving more than 66% of hepatocyte) (25) .
Statistical Analysis
Statistical analyses were done using the software Statistical Package for the Social Sciences (SPSS) version 20. Conventional student t-test and analysis of variance (ANOVA) were used to detect significant difference between continuous variables in two or more groups, respectively. Chisquare test was used for categoric variables. Spearman's correlation coefficient (r) was used to estimate different correlations between variables. P values of less than 0.05 or a 95% confidence interval (CI) that did not span 1.00 was considered statistically significant.
Results

Study population characteristics:
The demographic, laboratory and histological characteristics of the four studied populations are demonstrated in Table 1 . HCV viral load was significantly higher in patients with concomitant steatosis and HCV compared to patients with HCV alone (1.0±0.11 vs. 0.4±0.04 copies/ml x10 6 , p= 0.03). Patients with steatosis had the highest mean BMI (36.8±3.9 kg/m 2 ), followed by patients with concomitant steatosis and HCV (33.9±4.0 kg/m 2 ), and lastly patients with HCV (29.3±2.9 kg/m 2 ) (p= 0.001). The degree of hepatic steatosis was assessed histologically in patients with mixed HCV and steatosis. More than half of the patients (56%) had mild steatosis, while moderate and severe steatosis were found in 24% and in 20% respectively. In patients with steatosis (without HCV infection), the fatty changes were assessed by ultrasound imaging and revealed moderate steatosis in the all the patients
Frequency of peripheral NKT and CD8 + T cells in patients versus control:
We compared the frequency of NKT cells and CD8 + T cells in each patient group compared to normal control group. CD3 + / CD56 + /CD161 + NKT cells were significantly higher in patients with either steatosis or concomitant HCV/steatosis compared to control (7.1±4.5 and 8.8±5.8 vs. 4.2±1.6, p<0.0001 each), While comparable NKT frequency was found between HCV group and normal control (p=0.72). Interestingly, percentage of CD3 + /CD56 + NKT did not differ between patients and control group. As regards CD3 + /CD8 + T cells, a significant increase was noted in the three patients; groups compared to control ( Table 2) .
NKT cells in patients with steatosis in relation to HCV infection:
Using the most common phenotypic definitions of NKT cells, we compared the percentage of CD3+/CD56+ NKT and CD3+/CD56+/CD161+ NKT cells in the peripheral blood of the three patients' populations. To study the effect of HCV infection on the frequency of NKT cells, we compared patients with concomitant HCV and steatosis to those with steatosis alone and found no significant difference in the percentages of NKT cells (CD3 + /CD56 + ) or NKT cells (CD3 + / CD56 + /CD161 + ) between both groups (p= 0.97 and 0.10 respectively) ( Table 3 ). On the other hand, and to assess the effect of steatosis on the frequency of NKT cells, we compared patients with concomitant HCV and steatosis to those with HCV alone. The percentages of NKT cells (CD3 + /CD56 + /CD161 + ) were significantly higher in patients with steatosis/HCV compared to those with HCV alone (p<0.0001). While no difference in the percentages of NKT cells of the phenotype CD3 + /CD56 + was found between both groups (p=0.50). No difference was found in the frequency of CD8 + T between steatosis/HCV group and either steatosis or HCV groups (p= 0.92 and 0.39 respectively) ( Table 3 ) (Figure 1a , 1b) 
NKT and CD8+ T cells and the severity of Steatosis:
Patients with hepatic steatosis (groups 1 and 3) were classified based on the severity of steatosis into mild (n=28), and moderate/severe (n=72). No association was found between the frequency of NKT cells and the severity of steatosis. Higher frequencies of both NKT (CD3 + / CD56 + /CD161 + ) cells and CD8+ T cells were significantly associated with increased severity of steatosis (p=0.03 and 0.04 respectively). We further analyzed the frequency of NKT cells and CD8+ T cells in relation to the severity of steatosis in HCV patients. A significant association between CD8+ T cells (but not with NKT cells) and the advanced stages of steatosis was found (p= 0.001) (Table 5).
The correlation between NKT cells and clinical and lab. Variables:
NKT cells positively correlated with steatosis (r=0.40, p=0.001) and BMI (r=0.24, p=0.03). While, no correlations were found between NKT cells frequency and age, hematological or liver biochemical parameters, lipid profile or HCV RNA.
Discussion
HCV infection is one of the most important and potentially reversible causes of NAFLD (6) . It is closely associated with lipid metabolism throughout its lifecycle (26) , which explains the high incidence of hepatic steatosis (>50%) NAFLD and HCV-related liver disease are common in the general population, but their concurrence is 2 to 3 times higher than would be explainable by chance alone in patients with chronic hepatitis C (27, 28) . Both NKT cells and CD8 + T-cells are known to play an important role in obesity-related adipose tissue inflammation. The relation between NAFLD and NKT cells had been the focus of many researches however, despite extensive studies, the exact pathogenesis of NAFLD remains unknown. Murine models clearly support a pivotal role of NKT cells in the pathogenesis of NAFLD however, data on the role of NKT cells in human NAFLD is limited. The results of the previous studies that investigated the relation between NKT cells and NAFLD had shown contradictory results. Due to the discrepancies in the results of NKT involvement in NAFLD patients, it is not known whether the concomitant HCV infection would exacerbate or correct the changes of NKT cells frequencies in those patients. The aim of this study was to assess the possible changes in the expression of peripheral blood NKT cells in patients with steatosis with concomitant HCV infection. Moreover, to assess whether these changes are related to the severity of hepatic steatosis. Our study showed an increase in the frequency of peripheral NKT cells of the phenotype (CD3+/CD56+/CD161+) among patients with either steatosis or concomitant HCV/steatosis compared to normal controls (7.1±4.5 and 8.8±5.8 vs. 4.2±1.6, p<0.0001 each). However, no difference in NKT frequency between HCV patients and control group was noted (p=0.72). These data are in accordance with the findings observed by Adler and co-workers (29) who noted that NKT cells increased significantly in both liver and blood of patients with NAFLD. Moreover, Tajiri et al. (11) and Syn et al. (16) had demonstrated a significant increase in the intrahepatic NKT cells in patients with NAFLD compared to healthy controls. A recent study reported the presence of an immunological signature of NASH that includes hepatic infiltrating NKT and CD8 + T-cells and concluded that depletion of these cells resulted in reduced NASH progression and presents novel therapeutic strategy for the treatment of NASH (24) . In contrast, other studies reported a depletion in the peripheral blood NKT cells in patients with clinically diagnosed NALFD (14, 30, 31) . Whereas Kremer et al (15) found that NKT cells depletion was associated with severe stages of steatosis. Moreover, animal experiments have suggested a link between NKT cell deficiency and NAFLD based on the reduction in hepatic NKT cells in leptin-deficient mice (32) . Additionally, adoptive transfer of NKT cells (33) or oral administration of liver-extracted proteins (34) improved steatosis in leptin-deficient mice. These improvements were associated with an increase in the frequency of hepatic NKT cells. Patients with chronic HCV infections, reported remarkably low numbers of intrahepatic CD3+CD56+ NKT-like cells, which may be related to their increased susceptibility for hepatocellular carcinoma (35) . The human classical NKT cells were detected in the livers of HCV-infected persons; however, their frequencies were decreased compared with healthy persons. A similar situation has been described in other infections (i.e. HIV-infection) (36, 37) . NKT cells depletion in HIV-infected patients may be due to direct infection of these cells by the virus, however, in case of HCV infection, the decrease in the frequency of peripheral NKT cells was attributed to the down-regulation of T cell receptors, apoptosis of the cells and/or migration into peripheral organs (30) . The controversies related to NKT studies could be, in part, related to the methodology used to evaluate peripheral NKT cells. For example, αGalCer/CD1d tetramers and Vα24/Vβ11 double-staining are two standard methods for NKT cell identification while, the use of Vα24 staining alone may overestimate the numbers of Vα24 and Vβ11 double positive NKT cells (38) .
As regards CD8+ T cells, a significant increase was noted in the three patients' groups compared to control. Similarly, an early study had reported a decreased CD4+ cells and a corresponding increase in CD8+ T cells in chronic hepatitis C model (39) . CD8 + T and NKT cells play an important role in obesity-related adipose tissue inflammation. A recent study had assessed the role of NKT cells and CD8 + T-cells on the development of NASH. The study used CD1d-deficient and CD8 + T-cell-depleted mice that were subjected to high-fat high-carbohydrate (HFHC) diet for 16 weeks, after which the tested mice showed increased NKT-cell and CD8 + T -cell infiltration in the liver. In addition, human liver sections from patients with NASH showed increased CD8 + T cells (24) . Our study supports the absence of a role of HCV infection in the increased frequency of NKT or CD8 + T cells in hepatic steatosis and suggests that the observed increase in both cell types is related to the steatosis condition itself with no added effect of the concomitant HCV infection in those patients. Since no significant difference was noted in the percentages of NKT or CD8 + T cells in patients with concomitant HCV and steatosis when compared to those with steatosis alone. On the other hand, NKT cells were significantly higher in patients with steatosis/HCV compared to those with HCV alone. Percentages of NKT and CD + T cells were significantly higher in moderate/severe steatosis compared to mild form in all steatosis patients. Accordingly, a recent study has supported the association between increased NKT and CD8+Tcells and the severity of NAFLD experimentally. In this study, mice were fed high Fat and carbohydrate diet to induce progressive NASH, the livers of these mice showed increased NKT cells and CD8 + T-cell infiltration, while NKT-cell deficient and CD8 + T-cell-depleted mice were protected against the progression of the advance form of NAFLD (i.e. NASH) (24) . Nevertheless, an earlier study by Adler et al, (29) demonstrated that NAFLD patients with moderate or severe steatosis had a higher percentage of both intrahepatic and peripheral NKT cells than did patients with mild steatosis or those without steatosis which supports the role of NKT cells in NAFLD. In steatosis/HCV group, we found comparable NKT frequencies between mild and moderate/severe steatosis. These results further support that the changes in the expression of NKT cells is related to the state of steatosis itself and not to the concomitant HCV infection. Unlikely, CD8 + T cells were higher in advanced stages of steatosis of steatosis. In our study, NKT cells positively correlated with hepatic steatosis and BMI. Accordingly, an earlier study by Xu and colleagues (14) reported a correlation between the frequency of NKT cells and liver disease in patients who had a metabolic predisposition to NAFLD despite the lower frequency of peripheral NKT cells in those patients. Unlike our findings, they reported a negative correlation between NKT and BMI and concluded that the decreased frequency of peripheral NKT cells was a risk factor for NAFLD.
Study limitations
Since most of HCV cases are associated with steatotic changes in their course of the disease, it was not easy to obtain a larger number of HCV patients without steatosis and to have them matched for age and gender with the other study groups. Also, liver biopsies were not available for all the study population as it was not convenient to get liver tissue from healthy control due to ethical reasons.
Conclusion
Our results conclude that NKT and CD8 + T cells are significantly elevated in patients with hepatic steatosis irrespective to the presence or absence of concomitant HCV infection. In other words, the changes in NKT expression in hepatic steatosis is not augmented by the presence of concomitant HCV infection.
Conflicts of interest: None
